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The kinetics of ultrafiltration during peritoneal dialysis: the role of
lymphatics. Net ultrafiltration was measured directly during hypertonic
peritoneal dialysis exchanges in rats. Simultaneously, lymphatic ab-
sorption was measured by monitoring the disappearance of albumin in
the instilled dialysis solution from the peritoneal cavity. The albumin
method for measuring lymphatic absorption was also tested in rats
absorbing Lactated Ringer's solution from the peritoneal cavity where
absorption rate could also be measured directly. The findings suggest
the following: 1.) lymphatic absorption rate is similar with both
hypertonic dialysis solutions and Lactated Ringer's solution; 2.) lym-
phatic absorption is substantial and net ultrafiltration is well below true
transcapillary ultrafiltration; and 3.) in our model, lymphatic absorption
occurs at a relatively constant rate over six hours of dwell time.
Following the pentoneal instillation of peritoneal dialysis
solutions made hypertonic with dextrose, intraperitoneal vol-
ume increases [1, 2]. The increase in intraperitoneal volume has
been assumed to primarily reflect the movement of extracellular
fluid from peritoneal capillaries (and perhaps peritoneal mesen-
teric and parietal lymphatics) in response to the osmotic pres-
sure [3]. The peak intraperitoneal volume has been assumed to
occur at or near osmotic equilibrium [2].
The peritoneal surface of the diaphragm contains numerous
stomata over lymphatic lacunae [4—6]. It is also known that
absorption of fluids, cells and particulate matter can occur
through this system [4, 6, 7—9]. Fluid movement is convective
with a pumping action of the diaphragm during respiratory
movements and a one way valve system at stomata entrances
[6]. A number of techniques have been used to measure
absorption rates via this system, particularly in patients with
ascites [10—14]. Only recently has there been interest in the
effects of lymphatic absorption through this system on net
ultrafiltration during peritoneal dialysis [15].
In this study lymphatic absorption rates were measured in
rats undergoing peritoneal dialysis with hypertonic, peritoneal
dialysis solutions. These were found to be comparable to
absorption rates in rats receiving intraperitoneal Lactated—
Ringer's solution. Net ultrafiltration was substantially reduced
by lymphatic absorption and the peak of intraperitoneal volume
occured when transcapillary ultrafiltration rate equaled lym-
phatic absorption rate, not at osmotic equilibrium. During the
early net reabsorption phase, some transcapillary ultrafiltration
persisted even after osmotic equilibrium and a subsequent
hypoosmolar dialysate phase. Some transcapillary ultrafiltra-
tion continued because of the persistent glucose gradient and
the relatively high reflection—coefficient for this solute. Future
studies should focus on pharmacologic manipulation of lym-
phatic absorption rates as a means for altering net peritoneal
ultrafiltration.
Methods
The animal model
Sprague—Drawley male rats were anesthetized with 50 mg/kg
of subcutaneous Nembutal solution (Abbott Laboratories
North Chicago, Illinois, USA) maintained with 2.5 mg injec-
tions thereafter. Rats were placed supine on a heating pad at
37°C and body temperature was monitored with a rectal tem-
perature probe (Yellow Springs Instruments, Inc. Model 402).
An indwelling peritoneal catheter was placed through a midline
incision 1 cm below the xiphoid process. A Tenckhoff type
catheter was advanced into the peritoneal cavity with the tip in
the right lower quadrant of the abdomen. The external jugular
vein was exposed and cannulated for intravenous administra-
tion. The animals were hydrated through the venous cannula
with warm Lactated Ringer's solution (Baxter—Travenol Co.,
Deerfield, Illinois, USA). An infusion rate was maintained at
8.8 to 13.3 mllhour with a syringe pump (Sage Instruments,
Model 341). Peritoneal exchanges were not begun until each rat
was undergoing diuresis (60 to 90 mm after the intravenous
infusion was begun). During hypertonic exchanges the infusion
rate was continued so as to replace fluid losses due to peritoneal
ultrafiltration (UF) and to maintain the rats in an expanded
diuretic state. During studies of Lactated Ringer's absorption,
the intravenous infusion was stopped following the instillation
of the Lactated Ringer's into the peritoneal cavity.
Dialysis solution
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The hypertonic peritoneal dialysis solution used was
Travenol Dianeal PD-2 containing 132 mEq/liter sodium, 3.5
mEq/liter calcium, 0.5 mEq/liter magnesium, 96 mEq/liter chlo-
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ride, lactate 40 mEq/liter; glucose was increased to 15.0%
anhydrous dextrose. Standard Lactated Ringer's solution was
used for the nonhypertonic exchanges.
Studies with intraperitoneal Lactated Ringer's
Six rats (weighing 319 to 404 g, mean weight 355 g) underwent
an exchange with a six hour dwell of Lactated Ringer's. In three
animals, rat albumin (Sigma Chemical Co., St. Louis, Missouri,
USA) was added to the solution prior to instillation to approach
concentrations near 2.5 g%. After commencement of diuresis
and before intraperitoneal instillation of fluid, blood was drawn
from the tail vein for measurements of serum osmolality,
hematocrit and albumin concentration. An aliquot of dialysis
solution was obtained for measurement of albumin concentra-
tion prior to instillation.
In all rats the study exchange was preceded by an in and out
exchange with 40 ml of Lactated Ringer's. Fluid in the perito-
neal cavity prior to the in and out exchange was considered
negligible, and the difference between instillation volume and
drain volume with this exchange was considered as intraperito-
neal residual volume. Forty ml of Lactated Ringer's was
instilled following the in and out exchange. Drainage as com-
plete as possible was collected by gravity into a graduated
cylinder after 30 minutes of dwell time. Volume was measured
and dialysate samples collected for measurements of osmolality
(16 pi) and albumin (40 pi in the group with albumin in the
instilled solution and 400 d in the group with instillation of
albumin free solutions). The drain fluid was reinstilled into the
peritoneal cavity. The drainage volume measurement and sam-
ple collection took less than five minutes and was considered a
complete interruption of peritoneal transport. Continued trans-
port during early moments of drainage was neglected. Follow-
ing instillation of the fluid the dwell time clock was restarted,
and the drainage and measurement process repeated at 60
minutes of dwell time, and at hourly intervals of dwell time up
to six hours. Tail vein blood—samples were obtained at dwell
times of 180 and 360 minutes for measurements of serum
osmolality, and albumin concentrations, and for hematocrit at
all drainage periods.
Exchanges with 15% dextrose dialysis solutions
Six rats (weights 489—627 g, mean weight 530 g) underwent an
exchange with a six hour dwell of 15% dextrose dialysis
solution. Instilled volumes were 16 ml. The instilled volumes in
the groups (40 ml for Lactated Ringer's and 16 ml for 15%
dextrose dialysis solution) were chosen to yield similar average
intraabdominal volumes over the six hours. Three rats used
albumin free solutions and three received solutions containing
near 2.5 g% albumin. The mechanics of the protocol were
similar to those with Lactated Ringer's exchanges, with the
exceptions that the intravenous infusion was maintained as
above and tail vein, serum glucose concentrations were mea-
sured at baseline and during each drainage period. Also, dialy-
sate samples were obtained for glucose concentration measure-
ments (200 id).
For these studies insulin was added to peritoneal dialysis
solution (0.1 units of pork insulin per g% dextrose) and admin-
istered thereafter intraperitoneally as necessary to maintain
serum glucose at 200 mg% or less.
Laboratory methods
Osmolalities were measured in dialysate solutions and in
serum samples using a Wescor 5100 B vapor pressure
osmometer (Wescor Inc., Logan, Utah, USA). Albumin con-
centrations in serum and dialysate were measured with a
modified bromcresol green method [161. Glucose concentra-
tions in dialysate were measured with an ortho-toluidine
method [17]. Serum glucose concentrations were measured
with a Chemstrip BG (Boehringer Mannheim Diagnostic, Inc.,
Indianapolis, Indiana, USA).
Calculations
Net cumulative ultrafiltration after each dwell time interval
with hypertonic exchanges was calculated as drainage volume
minus instillation volume. For rats receiving Lactated Ringer's
exchanges, cumulative absorption at each dwell time was
calculated as instilled volume minus drainage volume. Total
intraperitoneal volume at the beginning of drainage was consid-
ered to equal drainage volume plus the residual volume from the
initial in and out exchange.
In rats receiving albumin free solutions, cumulative albumin
entry into the peritoneal cavity at each dwell time was calcu-
lated as intraperitoneal volume at the commencement of drain-
age, times the albumin concentration in the drainage.
In rats receiving albumin containing exchanges, lymphatic
absorption per interval was calculated based on the assumption
that albumin absorption from the peritoneal cavity is mainly by
convective movement into subdiaphragmatic lymphatics; thus
knowing average concentrations of albumin during an interval
and the net amount of albumin removal from the peritoneal
cavity one could calculate lymphatic absorption [9, 18, 19].
Lymphatic flow (LF,ml) per interval (t' to t minutes) =
(Ct' . Vt') — (Ct Vt)
(Ct' + Ct)/2
Where Vt' and Vt intraperitoneal volumes (ml) at times t'
and t, respectively, and where Ct' and Ct = corrected albumin
concentrations at times t' and t, respectively.
For the short intervals measured, the simple arithmetic mean
for Ct' and Ct was chosen. For longer intervals the geometric
means should be used.
Corrected albumin concentrations were calculated as mea-
sured albumin concentrations minus average albumin concen-
trations in the albumin free counterparts of each study group.
These corrections were relatively small since entry concentra-
tions reached only small fractions of concentrations in dialy-
sates where instilled solutions contained albumin. Neverthe-
less, failing to account for albumin entry from capillaries (and
perhaps non-diaphragmatic lymphatics) would result in slight
underestimates of albumin removal by diaphragmatic lymphat-
ics. It was assumed that entry rates are mainly limited by
membrane area and permeability, and would be affected negli-
gibly by ultrafiltration, intraperitoneal volume, or the gradient
from serum to dialysate; our findings support these assump-
tions.
Cumulative lymphatic absorption during all studies was cal-
culated as the progressive sums of the interval measurements.
Actual cumulative transcapillary ultrafiltration was calculated
by adding cumulative lymphatic absorption to net cumulative
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ultrafiltration. Mean interval rates are calculated by dividing
changes per interval by the time of the interval.
Statistics
Selected means were compared by the paired t-test or the
nonpaired t as appropriate. A correlation coefficient was calcu-
lated by a linear regression.
Results
Figure 1 demonstrates mean dialysate albumin concentra-
tions in the rats that received intraperitoneal Lactated Ringer's
without albumin and in the rats that received 15% dextrose
dialysis solution without albumin. Dialysate albumin concentra-
tions were measured during the 15% dextrose studies only after
180 minutes of dwell time. In both groups mean concentrations
appeared to increase linearly with dwell time. Mean concentra-
tions with Lactated Ringer's were higher than with 15% dex-
trose dialysis solution at 240 and 300 minutes (P < 0.05).
Figure 2 summarizes cumulative albumin removals at listed
dwell times in the same rats as in Figure 1. The amount of
albumin having entered the peritoneal cavity at each dwell time
was not significantly different with Lactated Ringer's or 15%
dextrose dialysis solution. Since the rats available for the
Lactated Ringer's study were of lower mean weight, the cumu-
lative amount of albumin removed per 100 g of body weight with
Lactated Ringer's was significantly higher after 240, 300 and 370
minutes (P < 0.01). By either analysis it is clear that the net
entry of albumin into the peritoneal cavity was not enhanced by
the extensive ultrafiltration occurring with 15% dextrose solu-
tions and that entry was affected negligibly by intraperitoneal
volume or the direction of fluid movement in these studies.
Table 1 summarizes the intraperitoneal volumes and the
corrected albumin concentrations from studies with Lactated
Ringer's solution. Note that in each rat the corrected albumin
Dwell time, mm
Fig. 2. Mean (±sEM) albumin removal is related to dwell time from the
same studies as in Figure 1. Mean range of intraperitoneal volumes (ml)
are: Lactated Ringer's, i.p. volume 42 to 28 ml; 15% dextrose dialysis
solution; i.p. volume 17 to 52 ml. Also, mean minimum and maximal
intraperitoneal volumes are shown for Lactated Ringer's (•) and 15%
dextrose dialysis solution (A).
concentrations remain relatively fixed as intraperitoneal volume
decreases.
Table 2 summarizes mean results in the six rats exposed to
the Lactated Ringer's exchanges. With the absorption of the
Lactated Ringer's solution from the peritoneal cavity there was
little change in hematocrit and serum osmolality, reflecting the
fact that the rats were able to diurese the absorbed fluid and
electrolytes. The decreases in serum albumin most likely reflect
albumin losses into the peritoneal cavity rather than dilution.
Dialysate osmolality was somewhat hypoosmolar to serum at
the start of the exchange; although this osmotic gradient might
have favored more rapid reabsorption at the beginning of the
exchange cumulative net absorption actually occurred at a
fairly steady rate. Cumulative lymphatic flow calculated from
the three rats using Lactated Ringer's containing albumin (with
corrections from the albumin free group) showed cumulative
lymphatic flows after each interval similar to cumulative net
reabsorption. Cumulative lymphatic absorption and cumulative
directly measured absorption are compared in Figure 3. Mean
values are scattered about the identity line implying that virtu-
ally all reabsorption of the Lactated Ringer's was via lymphatic
absorption.
Table 3 summarizes individual intraperitoneal volumes and
corrected albumin concentrations in the three rats undergoing
exchanges with 15% dextrose solutions containing albumin.
Rather than declining as in the Lactated Ringer's exchanges,
the intraperitoneal volumes increase to peak values at 180
minutes and then decline. Dialysate albumin concentrations
corrected for concentrations in the three rats using albumin—
free 15% dialysis solution show progressive decreases at each
interval. Since albumin absorption with Lactated Ringer's took
place at nearly fixed concentrations, the precipitous declines in
dialysate albumin concentrations in these rats using 15% dex-
trose exchanges most likely reflect dilutional effects of low
protein ultrafiltrate.
Table 4 summarizes results from the six rats receiving 15%
dextrose exchanges. In spite of vigorous attempts to replace
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Fig. 1. Mean dialysate albumin concentration (mgldl) is related to
dwell time with albumin free Lactated Ringer's (•) and 15% dextrose
dialysis (A) solutions.
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Table 1. Results with Lactated Ringer's exchanges containing albumin (N = 3)
Dwell time mm 0 30 60 120 180 240 300 360
Intraperitoneal volumesa ml
rat 722 40.5 39.5 31.5 31.1 29.5 27.5 24.5 24.5
rat 723 42.0 39.0 34.0 34.0 31.5 27.0 24.0 22.0
rat 724 41.5 39.5 37.5 36.5 34.0 29.5 27.5 26.5
Corrected albumin coneentration&' gimI
rat 722 0.0316 — — 0.0323 0.0330 0.0311 0.0311 0.0302
rat 723 0.0305 0.0327 0.0321 0.0303 0.0310 0.0301 0.0291 0.0302
rat 724 0.0308 0.0327 0.0321 0.0293 0.0290 0.0281 0.0271 0.0272
a Drain volume plus residual volume
b Measured minus average concentration in three rats using the albumin free Lactated Ringer's solution
Table 2. Mean (±sEM) results with Lactated Ringer's exchanges (N = 6)
Dwell time mm 0 30 60 120 180 240 300 360
Hematocrit % 52 3 49 2 48 2 48 1 48 1 47 1 47 1 49 2
Serumaibuming/dl 4.0± 0.1 — — — 3.6 — — 3.6±0.1
Serum Osm mOsmlkg 301 3 — — — 295 3 — — 303 3
Dialysate Osm mOsm/kg 248 1 272 1 282 1 289 3 290 3 283 8 298 2 297 3
Cumulative net reabsorption ml — 2.0 0.3 5.3 1.0 6.5 0.7 9.3 0.8 11.9 1.0 13.8 1.3 15.5 1.2
Cumulative lymphatica flow ml — 0.1 0,2 4.1 1.3 7.3 0.4 6.7 2.3 11.5 2.8 14.8 2.9 15.8 3.0
a = 3
E
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Fig. 3. Cumulative lymphatic absorption (mean SEM, vertical axis)
via the albumin absorption technique is related to directly measured
absorption in studies with Lactated Ringer's (r = 0.98, P < 0.01).
ultrafiltration losses as they occurred, hematocrit increased
slightly during the periods of rapid ultrafiltration. Insulin ther-
apy was inadequate to prevent some increase in serum glucose
during the phases of rapid glucose absorption and a delayed
hypoglycemia was noted. The major goal of preventing severe
hyperglycemia was achieved, however. As in the Lactated
Ringer's group, the decrease in serum albumin certainly in part
reflects albumin entry into the peritoneal cavity. Dialysate
osmolality decreased progressively, and at 360 minutes dialy-
sate osmolality was significantly below serum osmolality (P <
0.05). Also, at 360 minutes dialysate glucose was still well
above serum glucose (P < 0.01). Cumulative net ultrafiltration
reached a maximum at 240 minutes. Cumulative lymphatic flow
measured in the three rats with the albumin containing solutions
increased progressively.
The cumulative lymphatic absorption per 100 g of body
weight with the 15% dextrose dialysis solution is compared to
that with the Lactated Ringer's solution in Figure 4. Mean
values with each type of solution are nearly identical.
Figure 5 shows the relationships of mean net cumulative
ultrafiltration, mean dialysate osmolality and mean serum
osmolality in the six rats receiving 15% dextrose exchanges.
The serum osmolality line connects the mean values at 0 and
360 minutes. The net cumulative ultrafiltrate reached a maxi-
mum at 180 to 240 minutes. Crystalloid osmotic equilibrium
occurs near 240 minutes. This is only an estimate since the
change in serum osmolality is probably not linear. Dialysate
osmolality fell below serum osmolality thereafter. During the
phase of hypoosmolar dialysate, dialysate glucose concentra-
tions remained above serum values up to 360 minutes (Table 4).
Figure 6 compares mean values for net cumulative lymphatic
absorption in rats receiving 15%dextrose exchanges to the sum
of net ultrafiltration and net cumulative lymphatic absorption at
each interval, which should provide an estimate of the actual
ultrafiltration (presumably primarily transcapillary) which has
occurred. The difference between the best fit curve for cumu-
lative actual ultrafiltration and mean cumulative lymphatic
absorption would represent the net ultrafiltration appearing in
the peritoneal cavity. Late in the exchange, cumulative lym-
phatic absorption was a little over 50% of the cumulative actual
ultrafiltration.
Figure 7 summarizes transcapillary ultrafiltration rates during
given intervals calculated by dividing values in Figure 6 by the
duration of the interval in minutes. Lymphatic absorption is
indicated as a mean rate over the entire dwell time, which is a
reasonable depiction since cumulative lymphatic reabsorption
5 10 15 20
Cumulative directly measured absorption, ml
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Table 3. Results with 15% dextrose exchanges containing albumin (N = 3)
Dwell time mitt 0 30 60 120 180 240 300 360
Intraperitoneal volumesa ml
rat 714 16.5 25.5 36.1 41.5 43.5 42.5 38.5 32.5
rat 715 18.0 33.0 42.0 47.0 49.5 47.0 44.0 40.5
rat 716 17.5 33.7 39.5 42.0 49.0 46.5 42.5 38.5
Corrected albumin concentrations" gimI
rat 714 0.0270 0.0130 0.0096 0.0076 0.0068 0.0066 0.0063 0.0072
rat 715 0.0250 0.0123 0.0084 0.0065 0.0051 0.0049 0.0042 0.0041
rat 716 0.0260 0.0125 0.0095 0.0080 0.0067 0.0070 0.0061 0.0065
a Drain volume plus residual volume
"Measured minus average concentration in three rats using albumin free solution
Table 4. Mean (±sEM) results with 15% dextrose exchanges (N = 6)
Dwell time mm 0 30 60 120 180 240 300 360
Hematocrit% 48 .6 51 0.8 54 0.8 52 1 51 1.2 49 1.4 48 1.2 48 1.1
Serum glucose mgldl 80 1 160 18 170 9 110 15 80 9 60 8 47 6 40 1
Serum albumin gidI 3.5 0.2 — — — — — — 2.6 0.1
Serum Osm mOsm/kg 302 0.7 — — — — — — 288 2
Dialysate Osm mOsm/kg 1176 7 489 6 374 2 326 4 306 3 292 2 288 2 280 2
Dialysate glucose mg/dla — — — — 1150 56 622 64 322 42 162 4
Cumulative net ultra- — 14.5 1.1 23.3 1.4 30.1 2.4 31.4 1.4 31.7 2.2 28.8 2.3 24.1 2.2
filtration ml
Cumulative lymphatic — 3.4 1.0 5.9 1.4 11.0 1.4 14.7 3.2 17.3 4.0 26.2 4.7 28.4 5.5
flow mP'
= 3
Dwell time, mm
Fig. 5. Mean (±sEM) net UF (•), dialysate osmolality (0), and serum
osmolality (A) are related to dwell time in studies with 15% dextrose
dialysis solutions.
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Fig. 4. Mean (± sEM) cumulative lymphatic absorptions per 100 gms of
body weight are related to dwell time for studies with albumin contain-
ing Lactated Ringer's (•)and15% dextrose (A) dialysis solution. Mean
ranges of intraperitoneal volume are indicated for each type of solution.
occurs in an almost linear fashion. Key events are summarized.
Peak intraperitoneal volume was reached when transcapillary
ultrafiltration rate falls to mean lymphatic reabsorption rate.
Net ultrafiltration rate at this point equaled 0. Thereafter, net
reabsorption began even though some transcapillary ultrafiltra-
tion was still occurring. Crystalloid osmotic equilibrium oc-
curred shortly thereafter. Prior to this point dialysate was
hypoosmolar to serum; thereafter it became hypoosmolar pre-
sumably due to the dilutional effects of low electrolyte ultrafil-
trate. Some transcapillary ultrafiltration continued even during
300 360
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the phase of hypoosmolar dialysate. During this phase glucose
concentration in dialysate still exceeded that of serum. Since
the osmotic pressure exerted by a solute was a function of its
osmolal concentration multiplied by the solute reflection coef-
ficient, our findings suggest that the reflection coefficient for
glucose exceeded that of other small solutes and provided some
osmotic pressure for continued ultrafiltration. Capillary hydrau-
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Fig. 6. Cumulative "transcapillary" ultrafiltration (•) and mean
(±SEM) cumulative lymphatic absorption (0) are related to dwell time.
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lie pressure may also contribute. Our findings would also imply
that under the conditions of these studies essentially all net
reabsorption was lymphatic and that transcapillary (presumably
venular) reabsorption was not apparent.
Discussion
Hypertonic 15%-dextrose solutions were chosen for these
studies to yield large amounts of ultrafiltration. This allowed
more accurate measurements in our small animal model and
more clear delineation of the kinetics of ultrafiltration. We have
previously reported evidence that acute studies with these 15%
dextrose exchanges do not cause alterations in membrane
transport characteristics or membrane morphology [20]. The
very similar, albumin entry rates into the peritoneal cavity with
either albumin free Lactated Ringer's or 15% dextrose provide
additional evidence that the membrane is not grossly altered by
15% dextrose solutions. The results also suggest that convec-
tion has a negligible effect of protein movement into the
peritoneal cavity under the conditions of these studies. Clinical
studies have reported both lower [21] and higher [22, 23]
dialysate protein concentrations with more hypertonic (2.6 to
4.25% dextrose) compared to less hypertonic (1.5% dextrose)
dialysis solutions. Also, increased losses per day with the more
hypertonic exchanges have been reported [22, 231. Studies in
humans with an isotonic Krebs (290 mOsm) and a 1.5% dex-
trose in Krebs (355 mOsm) showed no differences in dialysate
protein concentrations and thus higher losses with ultrafiltration
[24]. There may be species differences; reasons for the variable
results in humans are not clear. In humans, protein losses with
3 liter exchanges are similar to those with 2 liter exchanges; this
is in accord with our findings in rats suggesting no major effect
of intraperitoneal volume [25].
Evidence has previously been summarized to support the
hypothesis that transcapillary ultrafiltration during peritoneal
dialysis occurs mainly across the proximal capillary [3]. Trans-
capillary protein movements are thought to be primarily venular
[3, 26]. Thus, if peritoneal ultrafiltration is primarily across tight
proximal portions of the capillary where protein transport is
minimal, it is predictable that there would be little convective
enhancement of protein movement into the peritoneal cavity. In
contrast, agents which are known to directly effect venular
permeability do increase protein losses [27].
It is possible that protein movement out of venules is mainly
convective [28]; whether or not protein losses are enhanced
may depend on the degree of venular ultrafiltration, which
would in turn depend on venular hydraulic pressure, the glu-
cose concentration gradient across venular endothelium, the
reflection coefficient for glucose at the site, and hydraulic
permeability. Some of these factors might be affected by
anesthesia in our rat studies. In humans, protein losses corre-
late with mean serum protein [23]. This does not necessarily
imply a major role for diffusion. Concentration differences for
diffusive transport are always substantial in such clinical studies
and large solute transport is more likely membrane area—perme-
ability and convection limited rather than gradient limited.
In the Lactated Ringer's study, directly measured absorption
rates were very similar to those determined by net albumin
movement out of the peritoneal cavity, presumably via dia-
phragmatic lymphatics (after correction for transcapillary en-
try). Lymphatic absorption during the hypertonic exchanges
was in a similar range. The absorption rate was nearly constant
and did not appear to be different in the presence or absence of
transcapillary ultrafiltration or with progressive decreases or
increases in intraperitoneal volume. Others have suggested that
intraperitoneal volume or pressure may change lymphatic ab-
sorption [29—31]. This was not apparent over the six hour
exchanges. Perhaps such adaptations do not occur over a six
hour period in rats or perhaps under the conditions of our study
lymphatic absorption rates were at a maximum. Also, effects of
intraperitoneal volume or pressure on lymphatic absorption
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Fig. 7. Mean transcapillary ultrafiltration rate is related to dwell time
for the 15% dextrose dialysis solution studies. An overall mean lym-
phatic reabsorption rate is indicated. The times of certain dialysate
volume and composition characteristics are indicated.
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may be mediated, at least in part, by changes in respiration [7,
321; in our studies, anaesthesia may have limited respiratory
changes.
During diaphragmatic relaxation, fluid most likely moves
through large mesothelial intercellular gaps into lymphatic
lacunae. With diaphragmatic contraction, mesothelial gaps are
obliterated and fluid in lymphatic lacunae is convected up-
stream in the lymphatic system. Respiratory rate may play a
major role in changes in lymphatic absorption.
Cumulative lymphatic absorption over a six hour exchange is
enough to substantially reduce cumulative net ultrafiltration.
The maximum transcapillary ultrafiltration rate at the beginning
of an exchange (Fig. 7) is underestimated slightly by looking
only at net ultrafiltration. We have previously reported maxi-
mum net ultrafiltration rates between 0.4 and 0.5 mi/mm in rats
using 15% dextrose exchanges over 30 minute cycles [20]. The
early rates in the present studies are very comparable.
Peak intraperitoneal volume occurs when transcapillary ul-
trafiltration rate falls to equal lymphatic reabsorption rate. Net
reabsorption begins before transcapillary ultrafiltration ceases.
Osmotic equilibrium of crystalloids occurs after peak interperi-
toneal volume and is followed by a phase where dialysate
becomes hypoosmolar to serum. It is well known that electro-
lytes and other small solutes are sieved during peritoneal
ultrafiltration [33—351. Possible explanations for this have been
reviewed elsewhere [31. The low electrolyte ultrafiltrate helps
to shorten the time to crystalloid equilibrium and probably
explains the overshoot where the dialysate becomes hypo-
osmolar. Glucose equilibrium was not observed during the six
hours. Clinical studies have also reported glucose dysequilibri-
um well past the time when dialysate osmolality decreases to
serum osmolality [2, 211. Some transcapillary ultrafiltration
appears to persist during the hypoosmolar phase. Osmotic
pressure is not balanced at osmotic equilibrium, and
dysequilibrium of electrolytes and glucose persists. Since the
osmotic pressure asserted by a solute is a function of the molal
concentration and reflection coefficient, the relatively higher
reflection coefficient for glucose may generate osmotic pressure
favoring transcapillary ultrafiltration even when the dialysate
has become slightly hypoosmolar [3].
There is evidence that lymphatic absorption rates can be
manipulated by pharmacologic means [36, 371. Since lymphatic
absorption may substantially reduce net ultrafiltration the ad-
ministration of agents that reduce lymphatic flow might enhance
peritoneal ultrafiltration. This would have practical clinical
implications, particularly in patients with low net ultrafiltration,
and should be a focus for future studies.
Finally, investigators that utilize large molecular—weight
markers to monitor intraperitoneal volumes must correct for
substantial absorption of such markers as carefully documented
by others [381.
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